Introduction
Although small-cell lung cancer (SCLC) is one of the most chemosensitive adult tumours, the initial dramatic responses to chemotherapy are commonly followed by drug-resistant relapses. The consistently poor prognosis of patients with recurrent SCLC demonstrates the need for investigation and development of novel agents in the second-line treatment of this disease [1] .
Doxorubicin combinations (e.g., CAV or in European centers with etoposide and cyclophosphamide or analogues [2] ) are used less as primary chemotherapy since the introduction of etoposide/cisplatin (EP) and considering its problematic toxicity profile, mainly when combined with radiotherapy. In the second-line setting although EP can achieve up to 40%-50% response rates after CAV failure, conversely CAV is rarely active in EP failures [3, 4] . A doxorubicin formulation with improved tolerance would theoretically increase the drug's therapeutic ratio and enhance its efficacy [5] . Pegylated liposomal doxorubicin (Caelyx) represents a unique formulation showing promising results in the treatment of several tumour types [5] [6] [7] [8] .
We present here the results of a multicenter phase II study of Caelyx monotherapy in SCLC patients failing or relapsing after first-line platinum-containing chemotherapy and therefore, potentially non-resistant to doxorubicin. The objective of the study was to evaluate the toxicity profile and efficacy of this novel agent in chemotherapy-refractory SCLC.
Patients and methods
Patients over the age of 18, with WHO performance status ^ 2, an estimated life expectancy > 3 months and histologically confirmed SCLC, with disseminated disease, were eligible for study enrolment. Only one prior chemotherapy regimen and no past anthracycline treatment was allowed. Left ventricular ejection fraction > 50% (by MUGA scan or echocardiography) and normal organ function were required. Toxicity was graded according to the NCI Common Toxicity Criteria (CTQ, and response according to WHO standards. Local ethics committees in participating institutions approved the study and all patients enrolled gave written informed consent.
Liposomal doxorobicin (Caelyx, provided by Schering-Plough) was administered at a dose of 50 mg/m 2 on day 1 of each cycle (one hour i.v. infusion) on an outpatient basis. Chemotherapy was repeated every four weeks for a total of six cycles and was discontinued in instances of disease progression, severe side effects or when radiotherapy was required. Patients were followed every two weeks for haematological toxicity. Disease re-evaluation was performed every two cycles, with appropriate radiological imaging of the documented measurable lesions. Complete or partial response would be re-confirmed four weeks later. All patients would be followed for a minimum of one year for survival. Standard dose adaptations for toxicity were applied, including increase of the dosing intervals for PPE, with 25% dose reduction in case of persisting > 2 weeks grade 1-2 PPE. For grade 3-4 toxicity persisting two weeks beyond the next scheduled dose, study drug was discontinued.
Study accrual was planned in two stages according to Gehan's design [9] . At the first stage at least one objective response was required out of 14 patients in order to accept the hypothesis that true response rate is 20% at the 5% level of significance. At the second stage in order to achieve a precision of 10% eleven more patients at the most would enter the study, depending on the number of responses of the first stage.
Results
Fourteen patients with recurrent SCLC entered the trial between April 1998 and June 1999. Since no response was observed the study was terminated. Patients' characteristics are listed in Table 1 . All had histologically confirmed SCLC and had relapsed or progressed following first-line platinum-containing chemotherapy. Only three patients completed six cycles of treatment; from the remaining, five patients were withdrawn after one cycle only due to rapid PD while one was withdrawn after three cycles due to prolonged toxicity.
Toxicity was evaluable in 38 chemotherapy cycles with a median of two cycles per patient (range 1-6 cycles). There were no episodes of grade 4 toxicity while a patient was withdrawn from the study due to prolonged grade 3 PPE (Table 2) .
Disease was stabilised in three patients for three, three and four months, respectively, (median 3 months) whereas there were no responses seen. Two early tumour deaths were recorded (rapid disease deterioration after one and two cycles, respectively) while all the remaining patients had PD. Up to 1 March 2000, 12 patients have died, 6 of them of PD refractory to Caelyx as well as subsequent salvage therapies, consisting of topotecan (1 case), docetaxel/gemcitabine (2 cases), oral etoposide (1 case), carboplatin/oral etoposide (1 case), cyclophosphamide/epirubicin/vincristine (1 case). Apart from a short-lived (2 months) disease stabilisation in one case with taxotere/gemcitabine, all patients had PD. With a median follow-up of four months (range 1-20+) the median duration of survival was four months (range 1-20+). 
Discussion
A large number of novel anticancer agents, including taxanes, topoisomerase I inhibitors and innovative drug combinations for the treatment of refractory SCLC are currently being evaluated in clinical trials [10] . This report is the first on the use of Caelyx in recurrent SCLC. Although the study population is small, our results clearly demonstrate the limited activity of this drug as second-line monotherapy for SCLC. We recorded three disease stabilisations and no responses. This lack of activity may be partly related to the poor prognostic features of our population: more than half of our patients had 'refractory' relapses, with less than 3-4 months drug-free intervals, and most had disseminated disease at initiation of second-line treatment. It is notable that the three disease stabilisations were recorded in patients with 'sensitive', one-site relapses; all three had enjoyed meaningful drug-free intervals of six, seven, and seven months prior to relapse. However, disease stabilisations were only of a median of three months. Additionally, is noted that patients refractory to Caelyx did not respond to subsequent salvage therapies, and thus demonstrating the very limited therapeutic options in relapsed SCLC [1, 3, 4] . Nevertheless, in our study as well as in the majority of reports of Caelyx clinical use, the favourable toxicity profile is confirmed. Treatment was repeated every four weeks, as studies have indicated that skin toxicity is minimised when dosing interval is increased to four weeks [11, 12] and that could partly explain the lack of activity seen.
The consistently poor outcome of patients with relapsed SCLC indicates the need for better patient selection and study design for the evaluation of novel agents in this setting. Based on our data, Caelyx seems nonactive as a single agent in the treatment of recurrent SCLC.
